Polarization of polymorphonuclear neutrophils (PMNs) can be elicited by the chemotactic peptide N-formyl-methionyl-leucyl-phenylalanine (fMLP) and the microtuble-disrupting compound colchicine. Here we report on whether natural and synthetic proteinase inhibitors alter the polarizing response to these two agents. The crl-proteinase inhibitor, N-tosyl-L-phenylalanine chloromethyl ketone, and N"-tosyl-L-lysine chloromethyl ketone suppress fMLP-induced polarization and locomotion in a dose-dependent fashion, but none of them affects colchicine-induced polarization. We suggest that proteinase inhibitors suppress fMLP-induced polarization by blocking cell surface proteinases that generate an intracellular signal for cytoskeletal change and polarization.
Polymorphonuclear neutrophil (PMN) polarization, a characteristic change in shape, is generally regarded as a prerequiste for chemotactic locomotion of PMNs to the site of inflammation (Painter et al. 1984 ). This change in shape, however, is evoked not only by chemotactic agents like N-formyl-methionyl-leucylphenylalanine (fMLP), but also by microtuble-disrupting agents like colchicine (Kelley et al. 1984) . During the last two decade it has become clear that proteinase inhibitors alter PMN functions such as cell migration (Goetzl 1975 ) and superoxide production (Shasby 1985) , although the influence of the inhibitors on the change in shape has yet to be determined.
The present study was designed to determine whether proteinase inhibitors affect PMN polarization triggered by fMLP and colchicine.
MATERIALS AND METHODS
Human al-proteinase inhibitor (crl-Pi), N-tosyl-L-phenylalanine chloromethyl ketone (TPCK), N"-tosyl-L-lysine chloromethyl ketone (TLCK), fMLP, and colchicine were purchased from the Sigma Chemical Company (St. Louis, M0, USA). Each agent was ultimately diluted in 10 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) buffer solution (pH 7.4) with 1 mg/ml albumin. TPCK, TLCK, and fMLP were first dissolved in dimethyl sulfoxide (DMSO) because of their water insolubility, and then diluted in HEPES solution. The final concentration of DMSO was less than 0.9%.
Human PMN isolation
Peripheral blood from three healthy volunteers was obtained and immediately anticoagulated with 0.1 M EDTA. PMNs were separated by standard Percoll gradient centrifugation and then suspended in a concentration of 2 x 106 cells/ml in the HEPES buffer (pure HEPES) for al-Pi assay or in 0.9% DMSO-containing HEPES for TPCK and TLCK assay. The cells were preincubated at 37°C for 30 min with either HEPES alone, o1-Pi (range : 0.02 to 10 mg/ml), TPCK (range : 5 to 50 pg/ml), or TLCK (range : 50 to 500pg/ml). More than 95% of the cells were viable on the basis of the trypan blue exclusion criterion.
Polarization assay
The PMNs prepared were treated with 10-' M fMLP or 10 5 M colchicine at 3TC for 10 min, fixed in 1% glutaraldehyde with 0.1 M cacodylate buffer and classified according to shape by differential interference-contrast microscopy (x 400, Fig. l) as previously described (Smith et al. 1979 ). The proportion of polarized cells (percent polarization) was determined by counting 200 cells under each set of conditions.
Migration assay
The influence of proteinase inhibitors on chemotactic migration to fMLP was tested in a 48-well multiblind chemotaxis chamber (Neuroprobe®) (Falk et al. 1980 ). Twenty-five 1u l of 10-' M fMLP was placed in the lower well and separated from 50 ,u 1 of the prepared cell suspension in the upper well by a 3 ,um-pore size polyvinylpyrrolidone-free filter. After incubation at 3TC in air with 5% COZ for 30 min, the filter was fixed, stained, and the number of cells migrating across the filter was counted in five oil immersion fields (X 1,000) and averaged.
Purity of al-Pi and interaction between al-Pi and fMLP
To investigate the purity of al-Pi preparations and the possibility of fMLP binding to al-Pi, 10 mg/ml al-Pi preparation, 10 -' M fMLP, and the mixture were applied to 7.6>< 300 mm columns containing TSKge1G2000SWL (Tosox, Tokyo) followed by 0.1 M phosphate buffered saline (pH 7.4) plus 0.25 M NaCI at a flow rate of 1.0 ml/min. On G2000SWL column chromatography of an al-Pi preparation, the inhibitor was identified as a sharp peak with a high degree of purity exceeding 95%. Although the preparation was found to contain the trivial amount (37 jig/mg) of albumin, the influence of contaminant on the assays with al-Pi was negligible because the preparation was diluted in HEPES solution with 1 mg/ml albumin. Even after being mixed with al-Pi, fMLP was detected in the almost same amount as before being mixed, suggesting no interaction between al-Pi and fMLP.
Statistical analysis
All data are expressed as means ±s.E. Statistical significance of PMN polarization and migration was assessed by analysis of variance using the Student-Newman-Keuls test. A probability less than 0.05 was considered significant.
RESULTS
Fig . 2 shows concentration-related curves obtained in the polarizing assay. After stimulation by the agents, PMNs with buffer solution alone substantially polarized by 78.3±2.7% in the case of fMLP and 57.3±0.7% in the case of colchicine in pure HEPES (control values for assay with al-Pi), and 68.0±8.7% in the case of fMLP and 61.7±9.9% in the case of colchicine in 0.9% DMSOcontaining HEPES (control values for assay with TPCK and TLCK). Preincubation with each proteinase inhibitor reduced percent polarization by fMLP in a dose-dependent fashion : mean reduction rates by al-Pi from the control values were 13% at 0.02 mg/m1,15% at 0.2 mg/ml, 35% at 2 mg/ml, and 65% at 10 mg/ ml.
Before stimulation by fMLP or colchicine, PMNs with buffer solution alone
(not preincubated with the proteinase inhibitors) spontaneously polarized only by 10.0±2.3% in pure HEPES and by 15.3±4.4% in 0.9% DMSO-containing HEPES. Preincubation with the inhibitors did not increase the rate of polarization at any of the concentrations tested. The reduced polarization caused by al-Pi also accompanied the inhibition in chemotactic responsiveness to fMLP in the migration assay (Fig. 3) . None of the proteinase inhibitors, however, affected the rate of colchicine-induced polarization even at the highest concentration, in sharp contrast to the case of fMLP-induced change.
DISCUSSION
In the present study, natural (al-Pi) and synthetic (TPCK, TLCK)
proteinase inhibitors suppressed fMLP-induced polarization of PMNS in dosedependent fashions. In addition, both the natural and synthetic proteinase inhibitors also decreased the capacity for chemotactic locomotion to fMLP in a chemotaxis chamber, consistent with the results of a former investigation (Stockley et al. 1980 ). In contrast, none of the proteinase inhibitors employed in the present study suppressed colchicine-induced polarization even at the highest concentration.
The sharp contrast described above provides additional evidence for the different ways in which fMLP and colchicine produce an intracellular signal ultimately leading to cytoskeletal changes and polarization. Polarization is generally considered as a consequence of reorganization of microfilaments or disassembly of microtubles, both cytoskeletons which are effectors of locomotic and contractile responses of PMNS (Kelley et al. 1984) . Events subsequent to the bindig of fMLP to its receptor remain to be determined, although cell surface chymotrypsin-like proteinase, which can be inactivated by the inhibitors employed in the present study, has been implicated in transducing an intracellular cue for microfilament reorganization (Hornbeck et al. 1987 ). On the other hand, the finding that the addition of proteinase inhibitors had no effect on colchicineinduced polarization supports direct disassembly of microtubles by colchicine without activation of the cell surface enzyme as previously indicated (Kelley et al. 1984) . These findings suggest that proteinase inhibitors suppressed fMLPinduced polarization by blocking the cell surface proteinase. 
